The BVR photometric light curves of the eclipsing binary BD And were ob- 
Introduction
According to the catalogue of parameters for eclipsing binaries (Brancewicz & Dworak, 1980) , BD And (GSC 03635-01320) is a β Lyr type eclipsing binary, which has a spectral type of F8, with a period of 0 d .462902. The binary system BD And was mainly observed to derive minimum times (Kim et al., 2006; Hubscher et al., 2006; Hubscher & Walter, 2007; Hubscher et al., 2009a,b) . Shaw (1994) included BD And into the catalog of near-contact binary systems, while both Giuricin et al. (1983) and Malkov et al. (2006) listed the system in their tables of Algol systems. BD And has a blue magnitude B = 11 m .6 as reported in the SIMBAD database and an interesting light curve variation. Its properties are relatively poorly known compared to those of other short-period binaries. There is no spectroscopic study for BD And in the literature.
Although BD And is a well observed system and many minima times have been derived, there is no completed light curve in the literature. Therefore, this binary was included in our observing plan for understanding the properties of the light variation and studying the period change. In this paper, the photometric light curves of BD And in the BVR-bands were observed in 2008 and 2009. Those observations were used to determine the photometric solution. At the same time, orbital period changes were analyzed with all photometric light minimum times. This is the first detailed study of this interesting binary.
Observations
Observations were acquired with a thermoelectrically cooled ALTA U +47 All the data of BD And were phased by using the minimum time and period taken from Kreiner (2004) . Then, the V-band light curve shown in Figure 1 was derived. The V-band light curve phased with the light-elements given in the literature demonstrated some clues about the properties of the system, as following: (1) There is only one minimum. However, (2) This minimum seems to be two groups of minima, a shallow one inside a deeper one. (3) There is also light variability at maxima phases.
Light Curve Analysis

A Model with The First Approach
We took JHK brightness of the system (J = 9 m .504, H = 9 m .164, K = 9 m .055) from the NOMAD Catalogue (Zacharias et al., 2004) . Using these brightness, we derived dereddened colours as a (J − H) 0 = 0 m .185 and (H − K) 0 = 0 m .040 for the system. Using the calibrations given by Tokunaga (2000), we derived the temperature of the primary component as 7000 K depending on these dereddened colours, which indicate that its spectral type is F2V. Photometric analysis of BD And was carried out using the PHOEBE V.0.31a software (Prša & Zwitter, 2005) , which depends on the method used in the version 2003 of the Wilson-Devinney Code (Wilson & Devinney, 1971; Wilson, 1990 ).
The BVR light curves, which were phased with the light-elements given by Kreiner (2004) , were analysed simultaneously with the "detached system", "semi-detached system with the primary component filling its Roche-Lobe"
and "semi-detached system with the secondary component filling its RocheLobe" modes. In the process of the computation, we initially adopted the following fixed parameters: the mean temperature of the primary component (T 1 ), the gravity-darkening exponents of g 1 = g 2 = 1.0 (Lucy, 1967) and the bolometric albedo coefficients of A 1 = A 2 = 1.0 (Rucinski, 1969) . The commonly adjustable parameters employed are the orbital inclination (i), the mean temperature of the secondary component (T 2 ), the potentials of the components (Ω 1 and Ω 2 ) and the monochromatic luminosity of the primary component (L 1 ).
The mass ratio q can be estimated using the empirical relation (Kjurkchieva & Ivanov, 2006) ;
However, the secondary minimum does not appear in the light curves constructed with the light elements given in the literature. Because of this, using different q values from 0.1 to 2, we tried to find an acceptable solution.
During the analyses, the first attempts indicated that the secondary component of the system should be a faint-late type star. So, we searched the solution in detail for q values in range of 0.1 and 0.6. On the other hand, we could not reach a unique solution for none of the different q values from 0.1 to 2. None of the obtained solutions can not be statistically acceptable in the astrophysical sense. This result demonstrated that there is a problem in phasing of the data due to the wrong minimum time or especially the wrong period. Considering the absence of the secondary minimum in the light curve ( Fig. 1) , we decided that the wrong parameter must be the period.
The Solution with Real Period
Considering minima separation into two groups in the primary minima of the light curve phased with the light-elements given in the literature, we examined all consecutive minima one by one. We saw that the depths of minima are regularly changing from one cycle to the next one. It is clear that the orbital period should be two times of those given in the literature.
The most remarkable amplitude variation should be seen at the secondary minimum. This is because the pulsating component is the primary one and this pulsating primary component passes in front of the secondary one during the secondary minimum. The effect of the pulsation is not obviously seen around the primary minimum because the non-pulsating secondary component partly covers the pulsating component. Using 0 d .925804 value for the period, all the data were re-phased. Then, we re-derived the light curve, which is shown in the upper panel of Figure 2 . The shape of the light curve agrees with the Algol type as was published by Malkov et al. (2006) .
In this case, as seen in Figure 2 , there are two minima with a little amplitude difference in the light curve, one of them lies at the phase of 1.0, while the second one lies at the phase of 1.5. In addition, the low amplitude variation seen at out-of-eclipses in Figure 1 exhibits itself better than the previous. Moreover, the low amplitude is seen around the second minimum from the phase of 1.2 to 1.7. In this light curve, although there is not any level difference among the primary minima, the levels of the secondary minima are still varying from one cycle to the next one. This variation should be a part of the low amplitude variation seen around the secondary minimum, because they all are following themselves with the same low amplitude. The part of this variation in the secondary minimum is shown in the bottom panel of Figure 2 . The light variability seen both at the maxima and in the secondary minimum should be originated due to the primary star.
In this configuration, the preliminary analysis indicates that the system is a detached binary. Therefore, "detached mode" was applied to our analysis.
The Wilson-Devinney code is based on Roche geometry which is sensitive to the mass ratio. To find a photometric mass ratio, the solutions were obtained for a series of fixed values of the mass ratio from q = 0.70 to 1.4
in increments of 0.05. The sum of the squared residuals, (Σres 2 ), for the corresponding mass ratios are plotted in Figure 3 , where the lowest value of (Σres 2 ) was found at q = 0.97. Therefore, it indicates that the most likely mass ratio appears to be approximately 0.97. The photometric solutions for 0.97 are listed in Table 2 and corresponding light curves are plotted with black lines in Figure 4 . The solution parameters obtained from the BVR light curves analyses seem to be acceptable from the astrophysical point of view.
Discussion and Conclusions
Estimated Absolute Parameters and Evalutionary Status
Although there is not any radial velocity curve of the system, we tried to estimate the absolute parameters of the components. Considering its spectral type, we computed the mass of the primary component, using the calibrations given by Tokunaga (2000) , and the mass of the secondary component was calculated from the estimated mass ratio of the system. Using Kepler's third law, we first calculated the semi-major axis (a = 5.79 R ⊙ ), and then the mean radii of the components. All the estimated absolute parameters are listed in Table 3 . In Figure 5 , we plotted the distribution of the radii versus the masses for the components of the system. In the figure 
The Light Variations Out-of-Eclipses
Intrinsic light variations are clearly seen at all the phases without the primary minimum. This indicates that the primary component of the system is responsible for this variation. The light variation of BD And consists of proximity effects, eclipses, and intrinsic variations due from the primary component. The eclipses and the proximity effects in the light curves can be calculated from light curve analysis. The intrinsic light variations less affect these quantities. After extracting the synthetic light curves from the BVR light curves as seen in Figure 4 , we looked for frequencies, which could arise from the outside light variation. The frequency analysis was performed using PERIOD04 (Lenz & Breger, 2005) . The peaks were searched for a range from 0 to 167 cd −1 . No relevant features have been detected at frequencies higher than ∼10 cd −1 , up to the Nyquist limit of ∼167 cd −1 . The prominent features are situated in the frequency interval 0.7-3.2 cd −1 . In the analysis, we found just one dominant frequency in BVR-bands and these frequencies are listed in Table 4 , in which the amplitudes, phases and their corresponding errors are given. The amplitude spectrum of the dominant frequency of BD And data in the BVR-bands are shown in Figure 6 . Unfortunately, the BVR data are not adequate for searching the existence of other possible frequencies. These type stars generally exhibit multi-periodic pulsations. Although the γ Doradus stars are located on the main-sequence together with δ Scuti star, they are generally located especially around the cool border of δ Scuti star instability strip. They also have a different pulsation mechanism compared to δ Scuti stars (Handler & Shobbrook, 2002) . According to Henry et al. (2005) , there are three points to identify a star as a γ Doradus variable: (1) the stars spectral type should be a late A or early F, (2) luminosity class should be IV or V, (3) the star should have periodic photometric variability in the γ Doradus period range that is attributable to pulsation.
Our results obtained in this study demonstrate that the primary component exhibits all of them. The relationship between the δ Scuti and γ Doradus pulsators is a debating subject (Handler & Shobbrook, 2002) . Handler and Shobbrook (2002) VZ CVn is the only known system of this type.
log Q i = C + 0.5 log g + 0.1M bol + log T eff + log P i
The O-C Variation
In the literature, 116 minima times in total have been obtained for the system. 73 minima times were obtained from photoelectric and CCD observations, while the rest are photographic and visual measurements. The minima times obtained photographically have very large standard deviation. Using the SPSS V17.0 software (Green et al., 1999) and GrahpPad Prism V5.02
software (Dawson & Trapp, 2004; Motulsky, 2007) , we statistically analysed all the minima times to search whether there is any regular variation, or not.
In the first step, we analysed all the data together, but the obtained correlation coefficients of the fits were found to be very low. In addition, p − values were found to be higher than the threshold level of significance (α − value) of 0.005. As it is well known that both p − and α − values are used to test whether the obtained fit is statistically acceptable, or not (Wall & Jenkins, 2003) . In the second step, we separated the data into the groups, as photoelectric, CCD, visual and photographical observations. Then, both groups of the data were analysed separately. According to p − value, although an acceptable fit was obtained just from the photoelectric and CCD observations, no acceptable fit was found from the photographic and visual observations.
As a results, we used just photoelectric and CCD observations in the analyses.
All minima were taken from the literature and from the more recent studies listed in Table 5 . We obtained fourteen new epochs of minimum during the observations and seven of them have already been published by Sipahi et al. (2009) . We used these minima times listed in Table 5 to determine the light elements by using the least squares method. We have found the new light elements as following:
We plot the residuals of all the eclipse timings as (O − C) in the upper panel of Figure 8 .
There is a sinusoidal oscillation in the O-C residuals for BD And. The oscillating characteristic may be caused by the light-time effect due to the existence of the third body orbiting the eclipsing binary or a possible result of magnetic activity cycles of the system. Since no spectroscopic solutions are available in the literature of BD And, its absolute parameters can not be directly determined. We estimated the primary mass as 1.56 M ⊙ , and the radius as 1.42 R ⊙ by assuming the primary component to be a normal and main-sequence F2 star. Based on our photometric solutions, the mass of the secondary component was found to be M 2 = 1.51 M ⊙ , while the separation (a) between the two components was calculated as 5.79 R ⊙ . Both the observed colours and the light curve solution of the system show that the components are not late type stars. Therefore, the magnetic activity cycle is not a possible mechanism to cause the period variation. However, the BVR light curve analysis gives a physically acceptable values for a third light contribution (see Table 2 ). Therefore, the period oscillation may be caused due to the light-time effect. A weighted least-squares solution for two parameters (T 0 and P) of the linear ephemeris of BD And and five parameters (a 12 sini ′ , e ′ , w ′ , T ′ and P ′ ) of the light-time effect are presented in Table 6 .
The observational points and theoretical best fit curve are plotted against epoch number in Figure 8 . The parameters we derived for the light-time effect enable calculations of the mass function, using the Equation (4) taken from Kopal (1978) :
where M 1 , M 2 and M 3 are the masses of the binary, and the third body, respectively. We obtained the mass function as f (m) = 0.0089 M ⊙ for the third body. The mass of the third component can be estimated with Equation (4), depending on the orbital inclination. We calculated the third body masses at different inclination, i ′ values, which are shown in Table 6 . Here, the total mass of the eclipsing system was taken as 3.07 M ⊙ . The result parameters given in Table 6 suggest that BD And has an eccentric orbit around the mass center of the third-body system with a period of ∼9.6 years.
Furthermore, a significant contribution of the third light was found in the light curve analysis. Thus, it confirms that third body may produce the sinusoidal variation of the period. It is more likely that this third light, used in our light curve solutions, was caused by a third body in the system. and phase. Here, the data were phased by using the light-elements given by Kreiner (2004) . Here, the data were phased by using twice the period given by Kreiner (2004) . In the bottom panel, the secondary minima are plotted for a closer look to the minima for better visibility of light variations.
In the figure, the colours represent observations obtained in different nights. 
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